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Objectives. We assessed the usefulness of fast-track neck sonography with a new-generation hand-held ultrasound scanner
in the detection of $60% carotid stenosis.
Design. Patients with a past history of atherosclerotic disease or presence of risk factors were enrolled. All had fast-track
carotid screening with a hand-held ultrasound scanner.
Methods. Initial assessment was performed with our quick imaging protocol. A second examiner performed a conventional
complete carotid duplex as gold-standard.
Results. We enrolled 197 consecutive patients with a mean age of 67 years (range 35–94). A carotid stenosis .60% was
detected in 13 cases (6%). The sensitivity, specificity, positive and negative predictive value of fast-track sonography was
100%, 64%, 17% and 100%, respectively. Concomitant power Doppler imaging during the fast-track method did not
improve accuracy.
Conclusions. The use of a fast-track method with a hand-held ultrasound device can reduce the number of unnecessary
carotid Duplex and enhance the screening efficiency without missing significant carotid stenoses.
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Introduction
According to the WHO data,1 stroke is the second
leading cause of mortality worldwide. In an overview
of stroke epidemiology of the immediate last decade,2
the age-standardized prevalence rate of stroke in
people aged $65 years ranges from 46 to 72 per 1000
population. Ischemic stroke is the predominant sub-
type, accounting for 67–81% of strokes in different
studies. The 1-month mortality for ischemic stroke is
16%.2 Stroke was also the sixth leading cause of
disability-adjusted life-years in 1990 and it is projected
to rank fourth in 2020.3 The lifetime costs per patient
are estimated between $59,800 and $230,000.4 Primary
prevention is one of the main strategies for reducing
the burden of stroke.5 For this purpose, the screening
of the three immediate causes of stroke, namely
hypertension, cardiac arrythmia and carotid artery
disease are of the highest importance. The two former
conditions can be detected easily by clinical examin-
ation, while neck auscultation is a poor method of
detecting carotid lesions. The most available method
for the detection of carotid artery disease is Doppler
ultrasound. However, the wide use of ultrasound for
screening asymptomatic people is debated,5 – 13 even
though the endarterectomy for asymptomatic carotid
atherosclerosis (ACAS) study demonstrated the ben-
efit of surgery over medical therapy in 60–99%
stenosis.14 One of the controversial issues concerns
the cost-effectiveness of this strategy, especially in low-
risk populations. Recently inexpensive hand-held
ultrasound devices have been proposed for many
clinical applications,15,16 including abdominal aortic
aneurysm screening.17,18 In a prospective study, we
investigated the performance of a hand-held ultra-
sound device with a rapid imaging protocol for the
detection of carotid stenoses.
Materials and Methods
Study population
During a 4-week period from January to February
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2003, we investigated asymptomatic patients referred
to our vascular laboratory for a Duplex ultrasound of
neck arteries, according to the presence of one of the
following criteria:
a history of peripheral arterial disease (PAD),
a history of coronary artery disease (CAD),
the presence of type 2 diabetes,
the presence of at least two of following risk factors:
type 1 diabetes, high blood cholesterol, hyperten-
sion, smoking, women .70 years, men .65 years.
Exclusion criteria were: a history of stroke, transient
ischemic attack or carotid surgery, presence of an
already known carotid stenosis .50%, history of neck
irradiation, and the presence of neck wound or
infection. All patients agreed to be scanned by the
hand-held ultrasound machine prior to the conven-
tional Duplex.
Study protocol
Each patient was randomly examined by two experi-
enced vascular physicians from our medical staff. The
first observer performed a ‘fast-track’ scan by using a
portable ultrasound device (i-look 25, Sonosite,
Bothell, WA) with a 5–10 MHz linear array transducer
(Fig. 1). The examination consisted of a slow upward
scan of the right and left common carotid arteries
(CCA) and their bifurcation, following the internal
carotid artery (ICA) to the level of the jaw. In the ‘fast-
track echo’ transverse and longitudinal images were
obtained from the CCA, ICA and external carotid
artery (ECA). For each side, the observer had to
categorize his findings into four classes: normal
arteries without atherosclerotic lesions (class 1),
small, isolated and non-protruding plaque (class 2),
multiple, diffuse and/or protruding plaques (class 3),
or non-conclusive imaging (class 4). After having
classified imaging findings for each side, the observer
recorded whether a complete conventional Duplex
would be required. In the presence of a type 3 or 4
image in one or both sides, a complete Duplex
ultrasound would be mandatory. The same first
observer then repeated the imaging protocol by
activating the power-Doppler imaging (PDI) of the
machine (‘fast-track echo þ PDI’). The imaging was
re-classified incorporating data from PDI. Finally the
observer recorded the necessity of a complete Duplex
ultrasound following the PDI-assisted examination.
The time spent for the ‘fast-track echo’ and the ‘fast-
track echo þ PDI’ were noted.
Blinded to the first examination, a second observer
performed a conventional color-Duplex ultrasound
(HDI-5000, ATL ultrasound, Bothell, WA) with a
10 MHz linear probe. According to the data of the
ACAS study on the usefulness of carotid surgery for
asymptomatic patients,14 a threshold of 60% was
selected to determine significant stenosis. The duplex
criteria used to define a stenosis as$60% were:19 peak
systolic velocity (PSV) .2 m/s, end-diastolic velocity
.0.7 m/s, internal carotid/common carotid PSV ratio
.2.2. Sensitivity, specificity and predictive values of
the fast-track protocol were calculated using duplex
ultrasound as the gold-standard.
Fig. 1. The hand-held ultrasound device.
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The reproducibility of the fast-track imaging classi-
fication was assessed in a sub-sample of 30 patients,
requiring a third independent observer to repeat the
fast-track protocols. The concordance between both
observers was assessed by a k-coefficient. Reproduci-
bility is considered satisfactory if the k-coefficient is
above 0.61.20
Results
A total of 197 patients were enrolled in the study
(mean age 64, ranging from 35 to 94 years). General
data are displayed in Table 1. According to conven-
tional Duplex data, the prevalence of $60% carotid
stenosis was 6% (13 cases). The diagnostic concor-
dance according to the four imaging classes between
two independent observers in a sub-sample of 30
patients was considered excellent as the k-coefficient
was 0.81.20
The results of both fast-track methods are displayed
in Table 2. The examiner required a conventional
Duplex ultrasound for 79 patients (40%) after the ‘fast-
track echo’ protocol and for 75 patients (38) after the
‘fast-track echo þ PDI’ protocol. The PDI-assisted
examination only altered the examiners decision in
four cases.
The prevalence of significant ($60%) carotid
stenosis according to the conventional Duplex ultra-
sound was 16.5% among the 79 patients requiring
conventional Duplex after the ‘fast-track echo’ proto-
col and 17.3% among the 75 patients requiring
conventional Duplex after the ‘fast-track echo þ PDI’
protocol. The fast-track method was able to detect all
60–99% stenoses. The diagnostic characteristics of the
‘fast-track echo’ protocol were as follows: sensitivity
100%, specificity 64%, positive predictive value 17%
and negative predictive value 100%. The diagnostic
characteristics of the ‘fast-track echo þ PDI’ protocol
were: sensitivity 100%, specificity 66%, positive pre-
dictive value 17% and negative predictive value 100%
(P ¼ ns when comparing both protocols).
The mean time spent during the ‘fast-track echo’
protocol was 1 min 33 s (range 45 s to 4 min and 5 s)
per patient, compared to 3 min and 18 s (range 1 to
9 min and 10 s) per patient with the ‘fast-track echo þ
PDI’ protocol. The mean time spent for each patient
during the conventional Duplex ultrasound was
16 min 25 s (range 4 min 50 s to 45 min).
Discussion
The screening of carotid lesions in asymptomatic
people remains an unresolved challenge. Nowadays,
the most available method for the study of carotid
arteries is ultrasound. In a meta-analysis, Blakeley
et al.21 reported high pooled estimates of sensitivities
from 0.82 to 0.86 for carotid Doppler and carotid
Duplex, with specificities ranging from 0.89 to 0.94 for
the detection of .70% stenosis. Whitty et al.13
suggested that the screening of $60% carotid stenosis
in a population with a low prevalence of disease could
be harmful, as a number of false positive cases would
be referred to angiography with an associated risk of
stroke or death of 1%.14 In a low prevalence popu-
lation, the number of events occurring among false
positive cases could overpass the number of events
avoided by adequate surgery among true positive
cases. In their realistic case scenario, they showed that
only populations with carotid artery disease preva-
lence of over 20% would gain significant benefits from
screening. The prevalence of carotid artery disease is
also a consideration in cost-effectiveness of screen-
ing.22 – 24 In the Yin and Carpenter model,24 the
prevalence of 60–99% carotid stenosis should be at
least 4.5% in order to present a cost-effectiveness ratio
below $50,000. In that model, the cost per one quality
adjusted life year (QALY) saved dropped from
$102,160 in a 3% prevalence population to $7452 in a
population with 20% prevalence. In view of these data,
many authors7,10 – 12 do not recommend the screening
of carotid lesions among asymptomatic people. Other
authors recommend screening only in high-prevalence
populations.5,9
We based our inclusion criteria for this study on the
known presence of atherosclerosis at other sites
and/or the presence of major cardiovascular risk
factors, in order to obtain a study group with a
consistent prevalence of significant carotid stenosis.
Despite this pre-selection of asymptomatic subjects,
the overall prevalence of 60–99% carotid stenosis was
rather low, at 6%, which is substantially below the 20%
required for efficient screening. In our study, the
highest prevalence of significant carotid artery disease
was in patients with peripheral arterial disease (12%).
Presently, Duplex ultrasound is widely used for the
Table 1. General data
Factor Prevalence Prevalence of carotid stenosis
in each factor categories
Males/females 130/67 (66%/34%) 10/3 (7.7%/4.5%)
CAD 99 (50.3%) 7 (7.1%)
PAD 41 (20.8%) 5 (12.2%)
Diabetes 78 (39.6%) 3 (3.8%)
Smoking 39 (19.8%) 0 (0%)
High cholesterol 85 (43.2%) 5 (5.9%)
Hypertension 96 (48.7%) 9 (9.4%)
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detection of carotid lesions. This examination is
performed in a large number of developed countries
only by certified physicians and can be performed by
vascular technologists in other countries such as the
United States. Nevertheless, it is globally considered
as time-consuming in a vascular laboratory activity. Its
cost is variable from one country to another, ranging
from $75 to more than $500. In order to propose a time-
and cost-saving screening, Lavenson25 proposed a
rapid protocol with a quick color image scan tech-
nique. Carsten et al.26 assessed a limited carotid
Duplex examination. After identification of the carotid
bifurcation and ICA with color flow Duplex, a single
angle-corrected Doppler-derived velocity was
obtained in the area with the most turbulent flow.
With the presence of a peak systolic velocity at least at
125 cm/s, this protocol presented a 86% sensitivity
and 98% specificity to detect$50% carotid stenosis. In
another quick-imaging approach, Bluth et al.27 pro-
posed the use of PDI technique. They presented a
sensitivity of 62% and specificity of 100% for the
detection of $60% stenosis.
These investigators25 – 27 attempted to find a cheaper
but accurate method of screening than Duplex ultra-
sound, as a first-line alternative to Duplex ultrasound.
However, improved specificity of these examinations
is usually at the expense of poorer sensitivity. Thus
some subjects with significant carotid stenosis would
be missed. The lesser sensitivity and higher specificity
in their reports is obviously related to the quantitative
approach of stenosis determination in their protocols,
as well as the fact that they presented their results per
carotids. We conversely had a pragmatic qualitative
approach and presented the results per patients. Our
strategy requires an excellent sensitivity of the first-
line screening method in order to avoid or minimize
false negative subjects. With a binary classification of
the patients, according to a prudent classification of
images, our fast-track protocols did dramatically
reduce the number of unnecessary complete Duplex
imaging, without missing any patient with $60%
stenosis, who would require additive imaging exam-
inations and be potentially a candidate for surgery.
The use of PDI did not provide significant additive
accuracy to the ‘fast-track echo alone’ protocol. The
rationale for assessing the addition of PDI to echo-
graphy was to reveal potential echolucent plaques
which could possibly be missed by a ‘fast-track
echography’. The use of PDI identified two additional
carotids arteries suspected of being significantly
stenosed (class 3). None of those two mismatch cases
had significant stenoses by duplex. We assume that the
prevalence of.60% stenosis with echolucent lesions is
low. Therefore it is possible that the relative small
number of patients was not sufficient to reveal any
significant superiority of the echo þ PDI technique by
revealing those very rare cases. Conversely, the
comparison of the distribution in classes 1 and 2
(Table 2) in both methods reveal that the addition of
PDI permits to detect a number of non threatening
echolucent plaques (lower number of class 1 with ‘fast-
track echo þ PDI’). Finally, the number of non-inter-
pretable (class 4) cases is lower thanks to the use of
PDI.
After our first-line screening by the fast-track
methods, the prevalence of 60–99% carotid stenosis
among those undergoing Duplex ultrasound was
above 16%, near to the 20% prevalence threshold
proposed by others.13,22 – 24 As the time spent by the
‘fast-track echo’ protocol is about 10 times shorter than
a complete Duplex ultrasound, and as a portable
device is much less expensive than a conventional one,
the cost of such a protocol would be around 10–15% of
a conventional Duplex assessment, reducing the
number of Duplex assessments by 60%. According to
our data and independent of the cost of Duplex
examination, our strategy would reduce the cost of
ultrasound screening by 45–50% in a clinically pre-
selected population referred to a vascular laboratory.
In addition to screening for significant carotid
stenosis, the fast-track protocol provides information
on the presence of atherosclerotic plaques, and
identifies patients requiring risk factor manage-
ment.28,29 During a mean follow-up of 4 years in the
Tromso study,30 the presence of ‘significant’ $35%
carotid stenosis was predictive of mortality, with a
relative risk of 3.47 adjusted to the cardiovascular risk
factors. The majority of those with a significant
stenosis did not die from ipsilateral stroke but from
myocardial infarction. The same goes for the 10 years
longitudinal CAFES-CAVE study,31 where the pre-
sence of non-stenotic plaques was predictive of
reduced survival, with myocardial infarction as the
major cause of death. This consideration has been
generally concealed in the cost-effectiveness studies,
as the only goal and benefit of carotid screening was
considered to be solely obtained by carotid endarter-
ectomy. Hence, we consider that a new cost-effective-
ness study would be necessary to compare
Table 2. Findings of fast-track methods: distribution of left and
right carotids ðn5 394Þ
‘Fast-track echo’ ‘Fast-track echo þ PDI’
Class 1 103 (26.1%) 95 (24.1%)
Class 2 181 (45.9%) 191 (48.4%)
Class 3 53 (13.5%) 55 (14%)
Class 4 57 (14.5%) 53 (13.5%)
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conventional screening, fast-track strategies and the
no-screening strategy (where the presence of plaques
is missed, without any appropriate preventive medical
therapy in the absence of other atherosclerotic local-
izations).
One of the limitations of our study is that a
relatively small number (13 cases) of patients screened
had significant stenotic lesions, even though the
population was first selected based on major risk
factors. A larger study could potentially bring additive
results, especially on the robustness of categorization
as well as a possible superiority of the echo þ PDI
method versus the echo-alone method. Finally, in this
study the fast-track ultrasound scanning had been
performed by experienced and certified vascular
physicians, and the results cannot be extended to
non-experienced physicians or technicians. Another
study is presently underway to assess the abilities of
short-term trained vascular nurses to screen carotid
lesions among high-risk asymptomatic subjects.
The development of portable ultrasound devices
presents a unique opportunity for an accurate and
cost-effective screening of carotid lesions among
asymptomatic patients. A quick ultrasound imaging
of the common carotid and its bifurcation with such a
device can appropriately exclude those with no- or
limited atherosclerotic lesions and lead the remaining
ones to a more efficient conventional carotid Duplex
examination. The use of this protocol could signifi-
cantly reduce the number of unnecessary Duplex
examination, without missing significant lesions. This
screening method not only provides information on
the presence of plaques which could potentially
modify medical preventive strategy, but also detects
those who have significant stenosis, requiring additive
imaging techniques prior to considering preventive
surgery. Further validation of these findings by a
multicenter study is necessary.
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